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FERTILE TRANSGENIC CORN PLANTS 


This application is a division of US. patent application 
Ser. No. 08/677 ,695, filed Jul. 10, 1996, which is a continu- 
ation of US. patent application Ser. No 07/974,379, filed 
Nov. 10, 1992, now US. Pat. No. 5,538,877, which in turn 
is a continuation of US patent application Ser No. 07/467, 
983, filect Jan. 22, 1990, now abandoned. 


BACKGROUND OF THE INVENTION 


This invention relates to fertile transgenic plants of the 
species Zea mays (oftentimes referred to herein as maize or 
corn) ‘The invention further relates to producing lransyenic 
plants via particic bombardment and subsequent! seicction 
techniques which have been found fo produce fertile trans- 
genic plants. 

Genetic engineering of plants, which entails the isolation 


and manipulation of genetic material (usually in the form of 


DNA or RNA) and the subsequent introduction of thal 
penetic material into a plant or plant cells, offers consider- 
able promise {0 modern agriculture and plant breeding. 
Increased crop food values, higher yields, feed value, 
reduced production costs, pest resistance, stress tolerance, 
drought resistance, the production of pharmaceuticals, 
chemicals and biological molecules as well as other benefi- 
cial traits are all potentially achievable through genetic 
engineering techniques. Once a pene has been identified, 
cloned, and engineered, if is still necessary to introduce if 
into a plant of interest in such a manner that the resulting 
plant is both fertile and capable of passing the gene on to its 
progeny. 

A variety of methods have been developed and are 
currently available for the transformation of various plants 
and plant cells with DNA. Generally these plants have been 
dicotyledonous, aod some success has been reported with 
certain of the monocotyledonous cereals. However, some 
species have hereiofore proven untransformable by any 
method. Thus, previous to this discovery, no technology had 
been developed which would permit the production of stably 
transformed Zea mays plants in which the transforming 
DNA is heritable thereof. This failure in the art is well 
documented in the literature and has beca discussed in a 
number of recent reviews (Poirykus, 1989; Weising ct al., 
1988; Cocking et al., 1987). 

European Patent Pubins. 270,356 (McCabe et al.) and 
275,069 (Arntzen ef al.) desertbe the introduction of DNA 
into maize pollen followed by pollination of maize cars and 
formation of seeds. The plants germinated from these seeds 
are alleged to contain the introduced DNA, but there is no 
suggestion that the introduced DNA was heritable, as has 
been accomplished in the present invention. Only if the 
DNA introduced into the corn is heritable can the corn be 
used in breeding programs as required for successful com- 
mercialization of transgenic cor. 

Graves et al. (1986) claims Acrobacterium-mediated 
transformation of Zea mays seedlings. The alleged evidence 
was based upop assays known to produce incorrect results. 

Despite extensive efforts to produce fertile transformed 
corn plaots which transmit the transforming DNA to 
progeny, there have been no reported successes. Many 
previous failures bave been based upon gene transfer to 
maize protoplasts, ofientimes derived from callus, liquid 
suspension culture cells, or other maize cells using a variety 
of transformation techniques. Although several of the tech- 
niques have resulted in successful transformation of corn 
cells, the resulting cells cither could pot be regenerated into 
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corn plants or the corn plants produced were sterile (Rhodes 
et al. 1988) or, in some cases, if even turned out that the 
plants were in fact pot transformed. Thus, while maize 
protoplasts and some other cells have previously been 
transformed, the resulting transformanis could not be repen- 
erated into fenile transgenic plants. 

On the other hand, it has been known thal af least certain 
corn callus can be regenerated to form mature plants in a 
rather straightforward fashion and that the resulting plants 
were ofien fertile. However, no stable transformation of 
maize caljus was ever achieved, ic. there were no lech- 
niques developed which would permit a successful stable 
transformation of a regenerable callus. An example of a 
maize callus transformation technique which has been tried 
is the use of Agrobacterium mediated transfer. 

The art was thus faced with a dilemma. While it was 
known that corn protoplast and suspension culture cells 
could be transformed, no techniques were availahle which 
would regenerate the transformed protoplast into a fertile 
plant. While it was known that corn callus could be repen- 
crated into a fertile plant, there were no techniques known 
which could transform the callus, particularly while not 
destroying the ability of the callus both to regencrate and to 
form fertile plants 

Recently, a new transformation technique bas been cre- 
ated based upon-the bombardment of intact cclls and tissucs 
with DNA-coated microprojectiles. The technique, dis- 
closed in Sanford et al. (1987) as well as in EPO Patent 
Publication 331,855 of J.C. Sanford et al. based upon U.S. 
Ser No. 161,807, filed Feb. 29, 1988, has been shown 
effective at producing transient gene expression in some 
plant cells and ussues including those from onion, maize 
(Klein ef al. 1988a), tobacco, rice, wheat, and soybean, and 
stuble expression hus been obtained in tobacco and soy~ 
beans. In fact, stable expression bas been obtained by 
bombardment of suspension cultures of Zea mays Black 
Mexican Sweet (Klein et al. 1989) which cultures are, 
however, non-regenerable suspension culture cells, not the 
callus culture cells used in the process of the present 
invention. 

No protocols have been published describing the istro- 
duction of DNA by a bombardment technique into cultures 
of regenerable maize cells of any type. No stable expression 
of a gene has been reported by means of bombardment of 
corn callus followed by regeneration of fertile plants and no 
regenerable fertile corn has resulted from DNA-coated 
microprojectile bornbardment of the suspension cultures. 
Thus, Ube art has failed to produce fertile transformed com 
plants heretofore. 

A further stumbling block to the successful production of 
fertile transgenic maize plants has been in selecting those 
few transformants in such a manner that neither the regen- 
eration capacity nor the fertility of the regenerated transfor- 
man are destroyed. Due to the generally low level of 
transformants produced by a transformation technique, the 
need for selection of the transformants is self-evident. 
However, selection generally entails the use of some toxic 
agent, ¢ g. herbicide or antibiotic, which can effect either the 
regencrability or the resultant plant fertility. 

ht is thus an object of the present invention to produce 
fertile, stably transgenic, Zea mays plants and seeds which 
iransmil the introduced gene to progeny. [tis a further object 
io produce such stably transgenic plants and seeds by a 
particle bombardment and selection process which results in 
a bigh level of viability for a few transformed cells. It is a 
further object lo produce fertile stably transgenic plants of 
other graminaceous cereals besides maize. 
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SUMMARY OF THE INVENTION 


The present invention relates to fertile transgenic Zea 
mays plants containing heterologous DNA, preferably chro- 
mosomally integrated heterologous DNA, which ts heritable 
by progeny thereof. 

The invention further relates to all products derived from 
transgenic Zea mays plaats, plant cells, plant parts, and 
seeds. 

The invention further relates to transgenic Zea mays seeds 
stably containing beterologous DNA and progeny which 
inherit the heterologous DNA. 

The invention further relates to a process for producing 
fertile transgenic Zea mays plants containing heterologous 
DNA. The process is based upon microprojectile 
bombardment, selection, and plant regencration techniques. 

The invention further relates to a process for producing 
fertile transformed plants of praminaceous plants other than 
Zea mays which have not been reliably transformed by 
traditional methods such as electroporation, Afrobacterium, 
injection, and previous ballistic techniques 

The invention further relates to regenerated fertile mature 
maize plants from transformed embryopenic tissue, trans- 
genic seeds produced therefrom, and R} and subsequent 
generations. 
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In preferred embodiments, this invention produces the 
fertile transgenic plants by means of a DNA-coated micro- 
projectile bombardment of clumps of friable embryogenic 
callus, followed by a controlled regimen for sclection of the 
transformed callus lines. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. LA shows a map of plasmid vector pHYGIL utilized 
in Example 1. 

FIG. 1B shows the relevant part of pHYGH encompass- 
ing the HPT coding sequence and associated regulatory 
elements. The base pair numbers start from the 5' nucleotide 
in the recovnition sequence for the indicated restriction 
enzymes, beginning with the EcoRI site at the 5’ end of the 
CaMV 355 promoter. 

FIG. 2 shows a map of plasmid vector pBI1221 utilized in 
Example 1. 

FIG. 3 is a Southern blot of DNA isolated from the PH1 
callus live and an untransformed contro} callus line. 

FIG. 4 is a Southern blot of leaf DNA isolated from Ro 
plants regenerated from PH1 and untransformed cailus. 


FIG. Sts a Southern blot of leaf DNA isolated from R1 
progeny of PH1 Ro plants and untransformed Ro plants 

FIG. 6 is a Southera blot af DNA isolated from the PH2 
callus line and an untransformed control callus line. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


The present invention ts directed to the production of 
fertile transgenic plants aod seeds of the species Zea mays 
and to the plaois, plant lissues, and seeds derived from such 
transgenic plants, as well as the subsequen! progeny and 
products derived therefrom. The transgenic plants produced 
herein include all plants of this species, including field corn, 
popcorn, sweet corn, flint corn and dent corn. 

“Transgenic” is used hercin to include any cell, cell line, 
callus, tissue, plant part or plant which contains heterolo- 
gous DNA that was introduced into plant material by a 
process of genetic engineering, or which was initially intro- 
duced ipto a plant species by such a process and was 
subsequenily transferred fo later generations by sexual or 
asexual cell crosses or cell divisions. 

By “heritable” is meant that the DNA is capable of 
transmission through a complete sexual cycle of a plant, ic. 
passed from one plant through its gametes to ifs progeny 
plants in the same manner as occurs in normal corn. 

The transgenic plants of this invention may be produced 
by (i) establishing friable embryogenic callus from the plant 
to be transformed, (ii) transforming said cell line by a 
microprojectile bombardment technique, (ili) controllably 
identifying or selecting transformed cells, and {iv} repener- 
ating fertile transgenic plants from the transformed cells. 
Some of the plants of this invention may be produced from 
the transgenic seed produced from the fertile transgenic 
planis using conventional crossbreeding techniques to 
develop commercial hybrid seed containing heterologous 
DNA. 

I. Plant Lines and Tissue Cultures 

The ceils which have been found useful to produce the 
fertile transgenic maize plants herein are those callus cells 
which are regenerable, both before and after undergoing a 
selection regimen as detailed further below. Generally, these 
celis will be derived from meristematic tissue which contain 
cells which have not yel terminally differentiated. Such 
tissue in graminaceous cereals in general and in maize, in 
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particular, comprise tissues found in juvenile Icaf basal 
regions, immature tassels, immature embryos, and colcop- 
ilar nodes. Preferably, immature embryos are used. Meth- 
ods of preparing and maintaining callus from such tissuc and 
plant types are well known in the art and details on so doing 
are aVallable in the Hterature, c.f. Phillips ct al. (1988), the 
disclosure of which is hereby incorporated by reference. 

The specific callus used must be able to regenerate into a 
fertile plant. The specific regeneration capacity of particular 
callus is important lo the success of the bombardment/ 
selection process used herein because during and following 
selection, regeneralion capacity may decrease significantly 
[tis therefore important to start with cultures that have as 
high a degree of regeneration capacity as possible. Callus 
which is more than about 3 months and up to about 36 
months of age has been found to have a sufficiently high 
Ievel of regenerability aod thus is currently preferred. The 
regenerative capacity of a particular culture may be readily 
determined by transferring samples thereof to regeneration 
medium and monitoring the formation of shools, roots, and 
plantlets The relative number of plantlets arising per Petri 
dish or per gram fresh weight of tissue may be used as a 
rough quantitative estimate of reqeneration capacity. 
Generally, a culture which will produce at least one plant per 
gram of callus tissue will be preferred. 

While maize callus cultures can he initiated from a 
number of different plant tissues, the cultures useful herein 
are preferably derived fram immature maize embryos which 
are removed from the kernels of an car when the embryos 
are about 1-3 mm in length. This length generally occurs 
about 9-14 days aftcr pollination. Under aseptic conditions, 
the embryos are placed on conventional solid media with the 
embryo axis down (scutellum up). Callus tissue appears 
from the scutellum after several days to a few weeks After 
the callus has grown sufficiently, the cell proliferations from 
the scutelum may be evaluated for friable consistency and 
the presence of well-defined embryos. By “friable consis- 
tency” is meant that the tissue is easily dispersed without 
causing injury to the cells. Tissue with this morphology is 
then transferred to fresh media and subcultured on a routine 
bisis about every two weeks 

The callus initiation media is solid because callus cannot 
be readily initiated in liquid medium. The initiation/ 
Maintaincnoce media is typically based on the N6 salts of Chu 
et al. (1975) as described in Armstrong ct al. (1985) or the 
MS salts of Murashige et al. (1962). The basal medium is 
supplemented with sucrose and 2,4-dichlorophenoxyaccetic 
acid (2,4-D). Supplements such as L-proline and casein 
hydrolysate have been found io improve the frequency of 
initiation of callus cultures, morphology, and prowth. The 
cultures are generally maintained in the dark, though low 
light levels may also be used. The level of synthetic hormone 
2,4-D, necessary for maintainence and propagation, should 
be generally about 6.3 to 3.0 me/. 
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Although successful transformation and regeneration has 
been accomplished herein with friable embryogenic callus, 
this is not meant to imply that other transformable regener- 
abic cells, tissue, or organs cannot be employed to produce 
the fertile transgenic plants of this invention. The only aciual 
requirement for the cells which are transformed is that after 
transformation they must be capable of regencration of a 
plant containing the heterologous DNA following the par- 
licular selection or screening procedure actually used. 
jf. DNA Used for Transformation 

The heterologous DNA used for transformation herein 
may be circular or linear, double-stranded or single- 
stranded. Generally, the DNA is in the form of a plasmid and 
contains coding regions of beneficial heterologous DNA 
with flanking regulatory sequences which serve to promote 
the expression of the heterologous DNA present in the 
resultant corn plant. “Heterologous DNA” is used herein to 
include ali synthetically engineered or biologically derived 
DNA which is infroduced into a plant by man by genetic 
engineering, including but nat limited to, non-plant genes, 
modified genes, synthetic genes, portions of genes, as well 
as DNA and genes from maize and other plant species. 

The compositions of and methods for constructing heter- 
ologous DNA for successful transformations of plants is 
well known to those skilled in the urt, and the same 
compositions and methods of constriction may be utilized to 
produce the heteratogaus DNA useful herein. The specific 
composition of the DNA is not central to the present 
invention and the invention is not dependent upon the 
composition of the specific transforming DNA used. weising 
et al. (1988), the subject matter of which is incorporated 
herein by reference, describes suitable DNA components 
thereof which include promoters, polyadenylation 
sequences, sclectable marker genes, reporter genes, 
enhancers, infrons, and the like, as well as provides suitable 
references for compositions thereof, Sambrook et al. (1989) 
provides suitable methods of construction. 

Generally the hetcrologous DNA will be relatively small, 
ic. less than about 30 kb to minimize any susceptibility to 
physical, chemical, or enzymatic degradation which is 
known to increase as the size of the DNA increases. 

Suitable heterologous DNA for use herein includes al! 
DNA which will provide for, or enhance, a beneficial feature 
of the resultant transgenic corn plant. For example, the DNA 
may encode proteins or antisense RNA transcripts in order 
to promote increased food values, higher yields, pest 
resistance, disease resistance, and the like. For example, a 
bacterial dap A gene for increased lysine; Bt-cndotoxin pene 
or profease inhibitor for insect resistance; bacterial ESPS 
synthase for resistance to glyphosate herbicide; chitinase or 
glucan endo-1,3-B-glucosidase for fungicidal properties. 
Also, the DNA may be introduced to act as a genetic tool to 
generate mutants and/or assist in the identification, genetic 
tagging, or isolation of sepments of corn DNA. Additional 
examples may be found in Table 1: 


TABLE 1 





Eukaryotic penes transfered to higher plants 


Orivin of gene Tranmlersed conslrocts 


Trunsformed species Mode of foreign gene expression 





Animains 





Drosophila heat shock gene 
hsp 76 
Drosophite Gupis clament LTR 


& hsp70/nptli/3° ocs 


5S coplason 


tobacco (plants, 1umors) + lemperature-dependent and organ- 
specific 
tice, wher ind surykum {~} lennxienl. but strony 


(protopiosts) 
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Origin of pene 


firefly tucifersse pene 


Rubbil }-plobin pene 
Human a-giobin gene 
Chicken a-actin pene 
Chicken oyalburin gene 
Mouse metallothioncin 
gene (mem) 


Mouse dihydrofolate reductase 


gene (DEIFR} 
Humun growlh hormone 
gene (heh) 


SV40 carly genes 


HSV thymidine kinase 
gene (ik) 
Adenovirus type 5 ELA gene 


Yeast 


Yeast ADH 
Plant vinus 


CDNA encoding TMV cout 
prolcin fiebaceo mosnic 
Virus) 

cDNA encoding AMV coat 
protein (alfalfa mosaic 
virus) 

cDNAs encoding A» and B- 
component of TGMV 
(tomulo golden moszic 
virus) 

cDNA encoding CMV 
(cucumber mosaic virus} 
satellite RNA 

Piants 


Bean phescolin pene 


Bean phytohenagglutinin-L 
gene (PHA-L) 

Soybean f-conglycinin gene 
(a subunit} 


Soyheas f-conplycinin gene 
{{} subunit} 
Potalo patatin pene 


Muize zein pene 


Wheat piutenin penes 


Eukaryolic penes transferred to higher plants 


Transferred constructs 


S CaMV 35SAuciferase 
cCONA/3’ nos 

3 CaMV 19S flucifersse 
CDNAI3’ nos 

5' deletion series 
genomic 

5" nos/a-plobin 
genomic 

genomic 

S* mmt/cat 


& CaMV 35S/DHFR-cDNAS 
a nos 
5S CaMV 35Sshgh 


5S nos/hph/?’ nas 
3 CaMV 35S/hph/hgh 3 


S SV4alient 
§ CaM 35S/cay3’ SVAG 


SX HS Vilkeat 


S CaMV 35S/ELA/ 
3 EIALY rbeS 


genoniic 


5S CaMV 35S/TFMVcDNAS 
3 nas 


5S CaMV 19S/AMVcDNA 
5 CaMV 3SS/AMVcDNA! 
3 nos. 

RCpramic imnsformation with 
either A- or L}-component 
via agroinfection 


S CaMV 35S/CMVcDNA/ 
3 nos 


5 oci/phascolin geromic 
genomic 


3 phaseolin/phascolin- 
CDNA/3’ phascolin 

S* phascolin/muize zein/ 
3 phaseoiin 

genomic 


genomic 

3’ deletion series 

S CaMV 35S or 395/ 
conglycinin/3’ nos 
penomic 


S* patatinfeay/3’ nos 
5S ST-LS lipatatiné3 patatin 


genomic 
5" phaseolin/zetn/3 phascolia 


S pluseninfeav? nos 


Transformed species 


tobacco {plants} 
carrot {proloplasts} 


lobaceo {lumurs) 
lobacco {plants} 
tobacco {iumors} 
tobacco {iumors} 
tobacco {tumors} 
Petunia (plants) 
lobacey (phunts, tumors) 
tobacco acd sunflower 
{iumors) 

fobscce (plants) 


tobacen (tumors) 
lobsceo {plants} 


tobacco (iumors) 


tobacco (plants) 


lobacco {plants} 


tobacco (plants) 


tobaces and tomste {plants} 


Petunia (plants) 


tobacco (plants) 


sunflower (tumors) 
tobacco (pinnls} 


tobacco (tumors) 


tebucen (plants) 


iobacco {plants) 


Petunia (plants) 


Petunia (plants} 
totacce and Petunia 
{plants} 


potato {plants} 
tobscce (plants) 


sunflower (tumors) 
tobacce (pisos) 


tobacco (pinnts) 


Mode of forcign gene expressinn 


{+} fransicni 


(-} avt expressed 
(+) incorrect transcript processing 
{-} nol expressed 
(+) incorrect transcript processing 
{~} nol expressed 


+ expression confers methatrexate 
resistance 
(+) incorrect transcript processing 


{+} transcriplion, but neither 
processing oor transiation 

{+} incorrect transcript 
polyadenylation 

(-) sit expressed 

(+) incorrect transcript 
polyadenylation 

{-} not expressed 


(+) termination within rbeS, ELA 
polyadcaylation site not used 


{~} not expressed 


+ expression confers enhunced 
resistance to TMV infection 


+ expression confers enhanced 
resistance to AM'V infection 


+ only A-componcnts in tandem are 
adic to replicate 


+ expression confers enhanced 
(sistance to CMY infection 


+ expressed and processed correctly 

+ development-specific expression 
in seeds: targeting to protein 
bodies in endosperm and 
embryos 

+ higher expression than using a 
gcnomic clone 

+ development-specific zein pene 
expression in tobacco seeds. 
Zein accumuiation 

+ development-specific expiession 
in tobnero seeds 

+ devclopment-specific expression 
in Petunia seeds depending on 
5° nequences 

+ constitutive expression: 355> 
195; 20 fold cional variation 

+ development-specific expression 
tt seeds 

+ Ofpan-specific expression in iubers 

+ light-reguiated and orpan-specific 
expression depending on the 
ST-LS.1 promoter. Corect 
splicing of patatin mRNA 

(+} iransenption, but no detectable 

protein 

+ development-specific expression 
in tobusce sceds 

+ development-specific expression 
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Origin af pene 


Eukaryotic penes transferred to higher pinnts 


Transferred consiructs 


Transformed species 


Mode of fnreign gene expression 





Wheat chlorophy}! a/b-binding 
protein (cub) pene 


Pes cab gene 


Petinin cab pene 


Arabidopsis cab gene 


Pea mbulose 1.5- 
Bisphosphate carboxylase 
small 

subunit gene (rbcS) ES 


Pes rbeS 3.6 


Pea rbcS 3A, 3C 


Pea rbcS 3A, BY 


Seybean rbcS 


Soybean, pea and Petunia rheS 


Nicotians plumbaginifolia 
rhcS BB 


Wheul rbcS 


Potato SF-LS 1 pene 


Petroselinum and Anlirrhinum 
chalcone synthase genes 


(chs) 


genomic 


genomic 

& cab/eat 

$ cubis’ CuMV 35S /eal/ 
* rbeS 

S deletion series 

S cablaptil 

A cabiS' nosiapsll 


S cab/ocs 

5 cab/nes 

5 cub/entt 
genomic 

x rbeS/eay 

S' deletion scrics 
genomic 

5 deiction senes 
S* rheSfeali3’ nos 
S deletion senes 


S rbeS/rbeS transit seyences 
nplil 


S rbeS/npii] 


genomic 


S ebceSiS CaMV 358 fent 
S* deletion series 


S rbcS/apili/F ocs 
§' rbcS/nos 

S tbeS/npulli3’ nos 
5 rbeS/nptll/3 nos 


5° rbcS/cat 


genomic 
HY CaM 35S/theS/3° rheS 


genomic: modified by exon 
tageing 


5’ SELS i/patatind patatin 


5 chs(A}nplll/e chs{P) 
S’ deielion senes 


Petunia and tobacco 
phinly 
tohacen (plants) 


tobacco (plants) 


Petttnin and tobacco 


(plants) 
tobacco (plunls} 


Petunia (tumors) 


Petunio and tobacco 


(plants) 


tobacco (iumors) 


tobacco (tumours und plants) 


lobsceo (pionts) 


Petunio (piants} 


Petunia and tobacco 
(planis} 


soybean (tumors) 
Kalanchoe (tmors) 
Petunis {plants} 
iomaio (plants) 


tobacco ond Petunia 


(pianis) 


iubarco (plants) 


potato and iobacce 
(plants) 


lobacce {plants} 


tobacco (piants) 


+ 


+ 


+ 


+ 


+ + 


(+) 


+ 


+ 


in Lobaceo seeds 

light-reguiated and organ-specific 
expressivn in leaves 
phytochrome-rcpulated expression 
in Jeaves depending an 5° 
sequences 


light-regulated, oigan-and ceil- 
specific expression; depending 
on enbuncer/silencer-like 3, 
sequences. Involvement of 
phytochrome Correlation io 
the presence af vhiorephasis. 
clonal variation of expression 
(200 foid) independent of copy 
avmber and homo-/ 
hetcrologors host genome 
tivhl-reguluted and organ-specific 
expressipn 

light-regulated expression 
dependent on 3° sequences 


tipht-regulated and organ-specific 
expression dependent on 5° 
sequences: 25-fold clonal 
variation 

light-repulated expression 
dependent on enhancer-Hke 5 
sequences 

light-repulated expression und 
tnrpeting of ncomycin 
phosphotrmasferse inte 
chloroplasts; analysis of signal 
sequences 

light-regulaied, oman- and cell- 
specific expression. 

Involvement of a blue-light 
receptor 

repulation of transcription by 
phytochrome- and/or bluc-tight 
receptor depending on the 
developmental state 
light-regulated and organ-specific 
expression depending on 
enhancer ond silencer-like 3 
sequences 

light-regulated expression 
fight-rcgulaied expression 
light-regulaicd expression 
mediated by phytochrome 
expression stronper than directed 
by Ros-promoter 

light-regutated ond orgna-specific 
expression; 3-fold clonal 
varintios indeprodent of 

homo-/ heterologous host 
genome 

no expression under the control of 
wheat promoter, CaMV 355 
promotes is secessary 
tighl-regulated and organ-specific 
expression depending on the 
presence of chloroplasts and 5° 
sequences. Clonal variation 
parallels copy number, but is 
independent of homo-/ 
heterolopous host. 

light-regulated and organ-specific 
expression depending va the 
ST-L.] promoter sequences 
UV-L-Heht-regufaicd expression 
dependent on enhancerdike §° 
sequences 
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Origin of pene 


Eukaryotic renes transferred to higher plants 


Transferted constructs 


Tmasformed species 


Mode of fortipa pene expression 





poinio proicinase inhibilor 2 
gene (PEE) 


genomic 
SPT Ufeatl3 T DNA peace Gb 
X’ PI Eb/cat/3” PE 


tobatco {plants) 


+ 


wound-inducible expression 
Sepending on S' and 3 
sequences, systemic spreading 
hy transacting factors 


Soybean heat shock gene genomic sunflower {tumors} and + temperature-regulated expression 
hs 6373 S deletion series tobaceu {plunis) depending on S sequences 
Soybenn heat shock gene genomic sunflower Gumors) + expression repulaied by 


Gmbhsp 17.5E 


Maize beat shock gens hep 
Maize alcoho! dehydrogenase I 
gene (Adhd) 


Maize suctonc synthase gene 


(ss) 


S deietion senes 


penomic 

§' CaMV 35S/cavVAdhl introns 
¥ rbeS 

5S Adhtfcwi 

4S ocsfS’ Adhl/cat 

S' CaMV 355,/5' Adhifcat 

5 AGhI deletion senes 


S sxinptl/3" acs 


Pelunia (plints} 
lobaceo (plants) 


tobuceo {plants) und maize 
{prolopinsts) 


wheat {protopiasts) 


(+) 


(+) 


lemperslure and presence of 
cadmitm and arsenite 
depending on S' sequenecs 
temperuture-sepuluted expression 
maize AdHI intron is not removed 
from the transcript 

unucrobically inducible cut- 
expression dependent on 5 

Adhl sequences only if 
additions] CaMY- or ocs- 
promoter/enhoncer scquences 

ure present. 

lransiont expression 


S ssnpilt maize (protoplasts) (+) transient expression suspension- 
culture derived but not in icaf- 
derived protopiasis 

Soybean p-tubutin gence genomic lobacco (plants) + 
cowpea trypsin inhibitor gene = ' CaMV 35S/CpTL3’ nos iobacco (plants) + expression enhances resistance 10 


(Cpt?) 
Peannis EPSP synthase gene 


Soybean leghemopiolin pene 
ibe3 


Nicatiana plumbaginifotis 
“jasert 7” enhances-tike 
Requence 

Nicotiana piumbaginifotia 
ATP synthase gene (atp2- 
1): B subunit 

Maize transposable elements 
Ac and Ds 


S CaMV JSS/EPSTYS nos 


S TT EDNASPetunis EPSP 
transi! sequence/bacterial 
EPSP (uroA) coding 

FcBION 

pevonic 


S theJyeat/3 ibe 


S insert 7/3" nos/ap:il 
¥ CaMV 35S/aip2-1 signal 
sequence/cal 


Ac or Ds within bocders of 
waxy locus 


Petnis {nlanis) 


tobacco {plants} 


lobsceo (plants) 


Lotus comiculatus (plants) 


lobacco (plants) 


tobacco {plants} 


tobacco (tumors and shoots) 


+ 


insect pests 

AAS- directed EPSP averpmeductinn 
confers glyphosate tolerance 
expression of bacteriat EPSP; 
targeting into chloroplasts; 
glyphosale loferance 


ad. 


development-specifie and 
inducible expression only in 
nodules and only sfter 
infection by Rhizobium; 
dependence on 5° reyulutory 
sequences 

lransient protopiast-specific 
overexpression of aplii 


cal enzyme is laspeted into 
mitochondria 


Ac is capable of self-calsiyzed 
transposition 


i lel lel lll A dhe a dba daddadddaandddaadindaaddlin radia daria am ak a TT PT TTT ETT vee 


Abbreviations: 


copis LER - fong terminal repeat of copia inansposable clement 


HSV - Herpes simplex virus 


Adh - sicobo} dehydrogenase gene 

ST-LS 1 - Solanum suberosum feofstem-specific gene 

EPSP - 5 -cnolpyruvyishikimate-3-phosphate (gene) 

lbe3 - member of the iephemopiobia gene family 

Ac, Ds - maize tansposohle elements (activator, disseciation) 
theS ~ ribulose-1,5-bisphosphate carboxylase small suyunit gene 
tab + chlorophy] a/b binding protein gene 

aptll - neomycin phosphotransfernse I] gene 


acs - octopine synthase pear 
nos - ropaline synthase pene 


cat» chlommphenicol acetyilransfernse gone 
CaMV 3558, 19S - caulilower mosaic virus genes encoding 35S and 39S-tronscript, respectively 
genomic - transferred construct contains the entire gece incltding §' and 3' regions 


Mode of expression: 


+ - correct expression of stably integrated gene 
{+) » transient expression, or transcription followed by incorect processing and/or translation 


{-}» gene is sot transcribed 
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of transformed cells. Alternatively, the selectable marker 
may be carried on a separate piece of DNA and used in a 
cotransformation procedure. Both selectable markers and 


The heterologous DNA to he introduced into the plant 
further will penerally contain either a selectable marker or a 
reporter gene or both to facilitate identification and selection 
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reporter genes may be Hanked with appropiate regulatory 
sequnces to enable expression in plants. Useful selectable 
markers are wel] known in the art and include, for example, 
antibiotic and herbicide resistance genes. Specific examples 


of such penes are disclosed in Table 2: 


14 


genes which confer herbicide resistance or tolerance are also 
of commercial utility in the resulting transformed plants. 
Reporter genes which encode for easily assayable marker 


proicins arc well known in the art. In general, a reporter gene 
isa gene which is not present or expressed by the recipient 











TABLE 2 
selectable madker and reporter penes in plant genetic transformation 
Uselyl as 
Selectnhle Scorable —- Resistance 
Gene Osinin Encoded enzyme marker Teporter = against 
Neomycin phusphutunsieruse TrS aeumycin phosphyutrsnsferse ++ + ncumyvin kanamycin G-418' 
gene H (apttl) 
Neomycin phosphotransferase Nné01 acomycin phosphotransfermse + + ncomycin kanamycin G-419" 
gene F (npit) 
Chloramphenicol acetyltransferase =Ta9 chloramphenicol] {+) aa chloramphenico)? 
weenie (ext) acelyflranslerase 
Bacterial DHPR gene piasmid R67 = dihydrofolate reductase + + methotrexate” 
Mutated c-DNA of a mouse MOUSE dthydrofolate reductase aa + methotrexate” 
DHFR pene 
Octopine synthase pene {ocs) EDNA octopine synthase + ++ toxic opine precursor 
analopues, i¢. aminoethyleystein® 
Nopaline synthase gene (nos) T-DNA ropaline synthare ~ a4 —_’ 
Uygromycin phosphoimnasferase = E coli aygromycin phospholransferase ++ “ hygromycin B® 
pene (hp!) 
Bicomycin resistance gene Tad } + - bicomycin® 
Streplomycin phosphotransferase = nS streplomycin phosphotransferase {+) (+) streptoarycin’® 
gene 
control plants 
are nol 
killed hy 
streptomycin 

aroA gene Salmonella EPSP synthase ++ - glyphosate * 

tevplinusri¢sny 
bar pene Streptomices — phosphinothricin +4 ~ phosphinothricin, bialaphos'? 

Iygroscopicus acetyitransferase 
f-palactosidase pene £. coli B-geiactosidase - + mond 
Glucurovidase gene (GUS} E. coli glucuronidase dt 14 
Bacterial luciterase gene Vibrso harvest ‘ucifcrase - +4 —_"* 
Firefly luciferase gene Photinus uciferase ++ _% 

peralis 








Only some representative references were chosen in case of the nplll, aps, ocs and cat genes. 


Abbreviations 

Ta ~ transpuson 

DHFR - dibydrofulute redeeluse 

EPSP syothase - 5-crolpynuvyiskikimats-3-phosphate synthase 
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A preferred selectable marker gene is he hygromycin B 
phosphotransferase (HPT) coding sequence, which may be 
derived from £. colt. Other selectable markers known in the 
art include aminoglycoside phosphotransferase gene of 
transposon Yn5 (Aphil) which encodes resistance to the 
antibiotics kanumycin, seomycia, and G418, as well as 
those genes which code for resistance or tolerance to 
glyphosate, methotrexate, imidazolinoncs, sulfonylureas, 
bromoxynil, dalapon, and the like. Those selectable marker 


60 


ofganism or tissue and which encodes a protein whose 
expression is manifested by some casily detectable property, 
¢g. phenotypic change or eazymatic activity. Examples of 
such genes are provided in Yable 2. Preferred genes include 
the chloramphenicol acetyl transferase gene from Tn9 of E. 
coli, the bela-glucuronidase peor of the uida locus of E coli, 
and the luciferase genes from firefly Photinus pyralis. 

The regulatory sequences useful herein include any 
constitutive, inducible, tissue or organ specific, or devclop- 
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mental stage specific promoter which can be expressed in 
the particular plant cell. Suitable such promoters are dis- 
closed in Weising ef al, supra. The following is a partial 
representative hst of promoters suilable for use herein: 
regulatory sequences from the T-DNA of Aerobacteritun 
tumefaciens, iocluding mannopine synthase, nopaline 
synthase, and octopine synthase; alcohol dehydrogenase 
promoter from corn; light inducible promoters such as, 
ribuiose-biphosphate-carhoxyiase small subunit gene from a 
varicty of species; and the major chlorophyll a/b binding 
protein gene promoter; 35s and 19S promoters of cault- 
flower mosaic virus; developmentally regulated promoters 
such as the waxy, zein, or bronze promoters from maize; as 
well as syothetic or other nalural promoters which are either 
inducible or constitutive, including those promoters exhib- 
iting organ specific expression or expression al specific 
development stage(s) of the plant. 

Other elements such as introns, enhancers, polyadenyla- 
tion sequences and the like, may also be present on the 
DNA. Such elements may or muy not be necessary for the 
function of the DNA, although they can provide a better 
expression or fuaclioning of the DNA by affecting 
transcription, stability of the mRNA, or tbe like. Such 
elements may be included in the DNA as desired to obtain 
the oplimal performance of the transforming DNA in the 
plant. For example, the maize AdhiS first intron may be 
placed between the promoter and the coding sequence of a 
particular heterologous DNA. This intron, when included ina 
a DNA construction, 1s known to gencrally increase expres- 
sion in maize cells of a protein. (Callis et a]. 1987) However, 
sufficient expression for a sclectable marker to perform 
satisfactorily can often be obtained without an intron. (Klein 
et al. 1989) An example of an alternative suitable intron is 
the sbninken-1 first intron of Zea mays. These other ele- 
ments must be compatible with the remainder of the DNA 
constructions. 

To determine whether a particular combination of DNA 
and recipient plant cells are suitable for use herein, the DNA 
may include a reporter gene. Ao assay for expression of the 
reporter pene may then be performed al a suitable time after 
the DNA bas been totroduced into the recipient cells. A 
preferred such assay entails the use of the &. colt beta- 
glucuronidase (GUS) gene (Jefferson ci al. 1987). In the case 
of the microprojectile bombardment transformation process 
of the present invention, a suitable time for conducting the 
assay is aboul 2~3 days after bombardment. The use of 
lransient assays is particularly important when using DNA 
components which have not previously been demonstrated 
or confirmed as compatible with the desired recipient cells. 
IH. DNA Delivery Process 

The DNA can be introduced into the regencrable maize 
callus cultures via a particle bombardment process. A gen- 
eral description of a suitable particle bombardment instm- 
ment is provided in Sanford ct al. (1987), the disclosure of 
which Is incorporated herein by reference. While protocols 
for the use of the instrument in the bombardmecat of maize 
non-regenerable suspension culiure ces are described in 
Klein et al. (1988a, 1988b, and 1989), no protocols have 
been published for the bombardment of callus cultures or 
regenerable maize cells. 

in a microprojectile bombardment process, also referred 
to as a biolistic process, the transport of the DNA into the 
callus is mediated by very small particles of a biologically 
inert material, When the inert particies are coated with DNA 
and accelerated to a suitable velocity, one or more of the 
particles ts able {o enter inte one or more of the cells where 
the DNA is released from the particie and expressed within 
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the cel] While some of the cells are fatally damaged by the 
bombardment process, some of the recipient cells do 
survive, stably retain the introduced DNA, and express it 

The particles, called microprojectiles, are generally of a 
high density maierial such as tungsten or gold. They are 
coated with the DNA of interest. The microprojectiles are 
then placed onto the surface of a macroprojectile which 
serves lo transfer the motive force from a suitable energy 
source to the microprojectiles. After the macroprojectile and 
the microprojectiles arc acceleraicd to the proper velocity, 
they contact a blocking device which prevents the macro- 
projectile fram continuing ils forward path but allows the 
DNA-coated microprojectiles to continue on and impact the 
recipient callus cells. Suitable such msiruments may use a 
varicty of motive forces such as gunpowder or shock waves 
from an electric are discharge (Swain ct ul. 1988). An 
instrument in which gunpowder is the motive force is 
currently preferred and such is described and further 
explained io Sanford ct al. (1987), the disclosure of which ts 
incorporated herein by reference. 

A protocol for the use of the gunpowder instrument is 
provided in Kiein et al. (19884, b) and involves two major 
steps. First, tungsten microprojectiles are mixed with the 
DNA, calcium chloride, and spermidine free hase in a 
specified order in an aqueous solution The concentrations of 
the various componenets may be varied as taught. The 
currently preferred procedure entails exactly the procedure 
of Klein et al. (1988h) except for doubling the stated 
optimum DNA concentration. Secondly, in the actual 
bombardment, the distance of the recipient cells from the 
end of the barrel as well as the vacuum in the sample 
chamber. The currently preferred procedure for bombarding 
the callus entails exactly the procedure of Klein ect al. 
(1988b) with the recipient tissue positioned 5 cm below the 
stopping plate tray. 

The callus cultures useful herein for generation of trans- 
genic plants should gencrally be about 3 months to 3 years 
old, preferably aboul 3 to 18 months old. Callus used for 
bombardment should generally be about midway between 
transfer periods and thus past any “lag” phase that might be 
associated wilh a transfer to a new media, but also before 
rcaching any “stationary” phase associatcd with a long time 
on the same plate. 

The specific tissue subjected to the bombardment process 
is preferably taken about 7-10 days after subculture, though 
this is not believed critical. The tissue should generally be 
used in the form of pieces of about 30 to 80, preferably about 
40 to 60, mg. The clumps are placed oa a petri dish or other 
surface and arranged in essentially any manner, recognizing 
that (7) the space in the center of the dish will receive the 
heaviest concentration of metal-DNA particles and the lissue 
located there is likely to suffer damage during bombardment 
and (ii) the number of particles reaching a cell will decrease 
(probably exponentially) with increasing distance of the cell 
from the center of the blast so that cells far from the center 
of the disb are not likely 10 be bombarded and transformed. 
A mesh screen, preferably of metal, may be laid on the dish 
to prevent splashing or ejection of the tissue, The tissue may 
be bombarded one or more times with the DNA-coated 
metal particles. 

IV Selection Process 

Once the calli have been bombarded with the DNA and 
the DNA has penetrated some of the cells, i! is necessary to 
identify and select those cells which both contain the het- 
erologous DNA and still retain sufficient regenerative capac- 
ity. There are two peneral approaches which have been 
found useful for accomplishing this. First, the transformed 
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calli or plants regenerated therefrom can be screened for the 
presence of the heterologous DNA by various standard 
methods which could include assays for the expression of 
reporter genes or assessment of phenotypic effects of the 
heterologous DNA, if any Alternatively and preferably, 
when a selectable marker gene has been transmitted along 
wilh or as part of the heterologous DNA, those cells of the 
callus which have been transformed can be identified by the 
use of a selective agent to detect expression of the selectable 
marker gene. 

Selection of the putafive transformants is a critical part of 
the successful transformation process since selection condi- 
tions must be chosen so as to allow growth and accumulation 
of the transformed cells while simultaneously inhibiting the 
growth of the non-transformed cells. The situation is com- 
plicated by the fact that the vitality of individual cells in a 
population is often highly dependent on the vitality of 
neighboring cells. Also, the selection conditions must not be 
so severe that the plant regeneration capacity of the callus 
cells and the fertility of the resulting plant are precluded. 
Thus the effects of the selection agent on cell viability and 
morphology should be evaluated This may be accomplished 
by experimentally producing a growth inhibition curve for 
the given selective agent and tissue being transformed 
beforehand. This will establish the concentration range 
which will inhibit growth. 

When a selectable marker gene has been used, the callus 
clumps may be either allowed to recover from the bombard- 
ment on non-sclective media or, preferably, directly trans- 
ferred to media containiog that agent. 

Sclection procedures involve exposure to a toxic agent 
and may employ sequential changes in the concentration of 
the agent and multiple rounds of selection. The particular 
concentrations and cycle lengths are likely {o need 10 be 
varied for each particular agent. A currently preferred selec- 
tion procedure entails using an initial selection round at a 
rclatively low toxic agent concentration and then later 
round(s) at higher concentration(s). This allows the selective 
agent to exert its toxic effect slowly over a longer period of 
time. Preferably the concentration of the agent is initially 
such that about a 5-40% level of growth inhibition will 
occur, as determined from a growth inhibition curve. The 
effect may be to allow the transformed cells to preferentially 
grow and divide while inhibiting uatransformed cells, but 
not to the extent that growth of the transformed cells is 
prevented, Once the few individual transformed cells have 
grown sufficiently the tissue may be shifted to media con- 
laining a higher concentration of the toxic apenl io kill 
essentially all untransformed cells The shift to the higher 
concentration also reduces the possibility of non- 
transformed cells habituating to the agent. The higher level 
is preferably in the range of about 30 to 100% growth 
inhibition. The length of the first selection cycle may be 
from about 1 !o 4 weeks, preferably about 2 weeks. Later 
selection cycles may be from about 1 to about 12 weeks, 
preferably about 2 to about 10 weeks. Putative maize 
lransformants can pentrally be identified as prolilerating 
sectors of tissue amoung a background of non-proliferating 
ceHs. The callus may also be cultured on non-selective 
media at various times during the overall selection proce- 
dure. 

Once a callus sector is identified as a putative 
Iransformant, transformation can be confinned by pheno- 
lypic and/or genotypic analysis. If a selection agent is used, 
an example of phenotypic analysis is {o measure the increase 
in fresh weight of the putative transformant as compared to 
a control on various levels of the selective agent. Otber 


10 


15 


30 


3S 


40 


45 


50 


a 


60 


G5 


13 


analyses that may be employed will depend on the function 
of the heterologous DNA. For example, if an enzyme or 
protein is encoded by the DNA, enzymatic or immunologi- 
cal assays specific for the particular enzyme or protein may 
be used. Other gene products may be assayed by using a 
suitable Dioassay or chemical assay. Other such techniques 
are well known in the art and are not repeated here. The 
presence of the gene can also be confirmed by conventional 
procedures, i.e. Southern blot or polymerase chain reaction 
(PCR) or the like. 

V. Regeneration of Plants and Production of Seed 

Cell lines which bave been shown to be transformed must 
then be regenerated into plants and the fertility of the 
resullant plants delermined. Fraosformed lines which test 
posilive by genotypic aad/or phenotypic analysis are then 
placed on a medis which promotes tissue differentiation und 
plant regeneration Regeneration may be carried out in 
accordance with standard procedures well known in the art. 
The procedures commonly catail reducing the level of auxin 
which discontinues proliferation of a callus aod promotes 
somatic embryo development or other tissue differentiation. 
One exarople of such a regeneration procedure is described 
in Green et al. (1981). The plants are grown to maturity in 
a growth room or greenhouse and appropriate sexual crosses 
and selfs are made as described by Neuffer (1981) 

Regeneration, while important to the present invention, 
may be performed in any conventional manner. If a select- 
able marker has been transformed into the cells, the selection 
agent may be incorporaicd into the regeneration media to 
further confirm that the regenerated plantlets are trans- 
formed. Since regencration techniques are well known and 
not critical to the present invention, any technique which 
accomplishes the regencration and produces fertile plants 
may be used. 

VI. Analysis of R1 Progeny 

The plants regenerated from the transformed callus are 
referred to as the RO generation or RO plants. The seeds 
produced by various sexual crosses of the RO generation 
plants are referred 10 as R1 progeny or the R1 generation. 
When R1 seeds are germinated, the resulting plants are also 
referred to as the R1 penceration. 

To confirm the successful transmission and inberitance of 
fhe heterologous DNA in the sexual crosses described 
above, the Ri generation should be analyzed to confirm the 
presence of the transforming DNA. The analysis may be 
performed in any of the maaners such as were disclosed 
above for analyzing the bombarded callus for evidence of 
transformation, taking into account the fact that plants and 
plant parts are being used in place of the callus. 

VH. Breeding of Genetically Engineered Commercial 
Hybrid Seed 

Generally, the commercial value of the transformed corn 
produced herein will be greatest if the heterologous DNA 
can be incorporated info many different hybrid combina- 
tions. A farmer typically grows several varieties of hybrids 
based on differences in maturity, standability, and other 
agronomic traits. Also, the farmer must select a hybrid based 
upon his physical location since hybrids adapted to one part 
of the corn belt are generally not adapted to another part 
because of differences in such traits as maturity, disease, and 
insect resistance. As such, it is necessary to incorporate the 
heterologous DNA into a large number of parental lines so 
that many hybrid combinations can be produced containing 
the desirable heterologous DNA. This may conveniently be 
done by breeding programs in which a conversion process 
(backcrossing) is performed by crossing the initial trans- 
genic fertile plant to normal elite inbred lines and then 
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crossing the progeny back to the normal parent. The progeny 
from this cross will segregate such that some of the plants 
will carry the heterologous DNA whereas some will not The 
plants that do carry the DNA are then crossed again to the 
normal plant resulting in progeny which segregate once 
more. This crossing is repeated until the original normal 
parent has been converted to a genetically engineered line 
comaining the betcrologous DNA and also possessing al! 
other important attributes originally found in the parent. A 
separate back-crossing program will be used for every clite 
line that is to be converted to a genetically engineered elite 
line. It may be necessary for both parents of a hybrid seed 
corn to be homozygous for the heterologous DNA. Carn 
breeding and the techniques and skills required to transfer 
genes from one line or variety to another are well-known to 
those skilled in the art. Thus introducing heterologous DNA 
into lines or varieties which do sot generale the appropriate 
calli can be readily accomplished by these breeding proce- 
dures. 

VILL. Uses of Transgenic Plants 

The transgenic plants produced herein are expected to be 
useful for a variety of commercial and research purposes 

Transgenic plants can be created for use in traditional 
apricullure lo possess traits beneficial to the grower (e g. 
agronomic trails such as pest resistance or increased yicld), 
beneficial to the consumer of the grain harvested fram the 
plant (e.g. improved nutritive conten! in human food or 
animal feed), or beneficial to the food processor (e.g. 
improved processing traits). In such uses, the plants are 
generally grown for the use of their grain in human or animal 
foods. however, other parts of the plants, including stalks, 
husks, vegetative paris, and the like, may also have utility, 
including usc as part of animal silaage or for ornamental 
purposes (e.g. Indian corn). often chemical constituents (e.g. 
oils or starches) of corn and other crops are extracted for 
food or in dustrial use and transgenic plants may be created 
which have enhanced or modified levels of such compo- 
nents. The plants may also be used for seed production for 
a variety of purposes. 

Transgenic planis may also find use in the commercial 
manufacture of proteins or othermolecules encoded by the 
hetcrolozous DNA contained thercin, where the molecule of 
interest is extracted or purified from plant parts, seeds, and 
the like. Cells or tissue from the plants may also be cultured, 
grown in vitro, or fermented to manufacture such molecules, 
or for other purposes (e.g. for research) 

The transgenic plants may also be used in commercial 
breeding programs, or may be crossed or bred to plants of 
related crop species. Improvements encoded by the heter- 


alogous DNA may be transferred, e.g. from com cells to § 


cells of other species ¢ g. by protoplast fusion. 

The transgenic plants may have many use $ in research or 
breeding, including creation of new mutant plants through 
insertional mutagenesis, in order to identify beneficial 
mutants that might laler be created by traditional mutation 
and selection. The methods of the invention may also be 
used to create plants having unique “signature sequences” or 
other marker sequences which can be used to identify 
proprietary fines or varieties. 

The following non-limiting examples are illustrative of 
the present invention. They are presented to better explain 
the general procedures which were used to prepare the fertile 
Zéa mays plants of this invention which stably express the 
heterologous DNA and which transmil that DNA to progeny. 
All parts and percents are by weight unless otherwise 
specified Il must be recognized thal a specific transforma- 
tion event is a function of the amount of matcrial subjected 
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io the transformation procedure. Thus when individual situ- 
ations arise in which the procedures described herein do not 
produce a transformed product, repetition of the procedures 
will be required. 


EXAMPLE | 


Fertile transgenic Zea mays planis which contain heter- 
ologous DNA which is heritable were prepared as follows: 
1. Initiation and Maintenance of Maize Cel] Cultures which 
Retain Plant Regencration Capacity 

Friable, embryogenic maize callus cultures were initiated 
from hybrid immature embryos produced by pollination of 
inbred line A188 plants (University of Minnesota, Crop 
Improvement Association) with pollen of inbred ling B73 
plants (Iowa State University} Ears were harvested when 
the embryos bad reached a length of 1.5 fo 2.0 mm. The 
whole ear was surface sterilized in 50% v/v commercial 
bleach (2.63% w/v sodium hypochlorite) for 20 min. at room 
temperature. The ears were then washed with sterile 
cistdled, deionized water, Immature embryos were asepli- 
cally isolated and placed on nutrient agar initiation/ 
mainienance media with the rool/shoot axis exposed to the 
medium. Initiation/maintenance media (hereinafter refered 
to us F medium) consisted of N6 basal media (Chu 1975) 
with 2% (w/v) sucrose, 15 mg per liter 2,4- 
dichlorophenoxyacetic acid (2,4-D), 6 mM pmiine, and 
025% Gelrite (Kelco, Inc. San Diego). The pH was adjusted 
to 3.8 prior lo autoclaving. Unless otherwise stated, all tissue 
culture manipulations were carried out under sterile condi- 
tions. 

The immature embryos were incubated at 26° C. in the 
dark. Cell proliferations from the scutellum of the immature 
embryos were evaluated for friable consistency and the 
presence of well defined somatic embryos. Tissue with this 
morphology was transferred to fresh media 10 to 14 days 
after the initial plating of the immature embryos. The tissue 
was then subcultured on a routine basis every 14 to 21 days. 
Sixty to eighty milligram quantities of issue were removed 
from pieces of tissue that had reached a size of approxi- 
mately one gram and transferred to fresh media. Subcultur- 
ing always Involved careful visual monitoring to be sure tbat 
only tissue of the correct morphology was maintained. The 
presence of somatic embryos ensured that the cultures would 
give risc to plants under the proper conditions. The cell 
cullure oamed AB12 used in this example was such a culture 
and had been initiated about 1 year before bombardment. 
I]. Plasmids-—-pCHN1-1, pHYGI1, pBN221, and pLUC-1 

The plasmids pCHN1-1, pHYGH, and pLUC-1 were 
constructed in the vector pBS+ (Stratagene, Inc., San Diego, 
Calif), a 3.2 Kb circular plasmid, using standard recombi- 
nant DNA techniques. pCHN1-1 contains the hygromycin B 
pbosphotransferase (HPT) coding sequence from E. coli 
(Gritz et al. 1983) flanked at the 3' end by the nopaline 
synthase (nos) polyadenylation sequence of Agrobacterium 
tumefaciens (Chilton and Barnes 1983). Expression is 
driven by the cauliflower mosaic virus (CaMV) 35S pro- 
moter (Guilley et al. 1982), located upstream from the 
hygromycin coding sequence. The plasmid pliYGI1 was 
constructed by inserting the 553 bp Bcl-BamHI fragment 
containing the maize Adh1S first intron (Callis ct al. 1987) 
between the CaMV 35S promoter and the hygromycin 
coding sequence of pCHN1-1.A map of pHYGIL is provided 
as FIG. I. 

pBH221 contains the E Coli B-glucuronidase coding 
sequence flanked at the 5 end by the CaMV 35S promoter 
and at the 3 end by the nos polyadenylation sequence. The 
plasmid was constructed by inserting the maize AdbIS first 
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intron between the 35S promoter and the coding sequence of 
pBI221 (Jefferson et al. 1987). A map of pBli221 is provided 
as FIG. 2. 

pLUC-1 contains the firefly luciferase coding sequence 
(DeWei et al. 1987) flanked at the 5’ end by the CaMV 35S 
promoter and af the 3' end by the nos polyadenylation 
sequcoce. This plasmid was uscd solcly as a negative 
control. 

Plasmids were introduced into the embryogenic callus 
culture AB12 by microprojectile bombardment. 

[tl. DNA Delivery Process 

The embryogenic matze callus line ABI2 was subcultured 
7 to 12 d prior to microprojectile bombardment. AB12 was 
prepared for hombardment as follows. Five clumps of callus, 
each approximately 50 mg in wet weight were arranged in 
across pattern in the center of a sterile GOx15 mm petri plate 
(Falcon 1007) Plates were stored in a closed container with 
moist paper towels throughout the bombardment process. 
Twenty six plates were prepared. 

Plasmids were coated onlo M-10 tungsicn particles 
(Biolistics) exactly as described by Kicin, ct al (1988b) 
except that, (1) twice the recommended quantity of DNA was 
used, (ii) the DNA precipilation onto the particles was 
performed at 0° C., and (iii) the tubes containing the 
DNA-coaled tungsten particles were stored on ice through- 
oul the bombardment process. 

All of the tubes contained 25 ul 50 mg/ml M-10 tungsten 
in water, 25 ul 2.5 M CaCl, and 10 ul 100 mM spermidine 
free base along with a total of 5 uj] 1 mgyml total plasmid 
content. When two plasmids were used sumultancously, each 
Was present in an amount of 2 5 ul. One tube contained only 
plasmid pBII221; two tubes contained both plasmids 
pHYGII and pBII221; two tubes contained both plasmids 
pCHN}-1 and pBIH221; and one tube contained only plasmid 
pLUC-1. 

All tubes were incubated on ice for 10 min, pelletized by 
centrifugation in an Eppendorf centrifuge at room tempera- 
ture for 5 seconds, and 25 ul of the supernatant was 
discarded. The tubes were stored on ice throughout the 
bombardment process. Each preparation was used for no 
more than 5 bombardments. 

Macroprojectiles and stopping plates were obtained from 
Biolistics, Inc. (ithaca, N.Y). ‘They were sterilized as 
descnbed by the supplier. Phe microprojectife bombardment 
instrument was obtained from Biolistics, Inc. 

The sample plate tray was positioned at the position 5 cm 
below the botiom of the stopping plate tray of the micro- 
projectile instrument, with the slopping plate in the slot 
below the barrel. Plates of callus tissue prepared as 
described above were centered on the sample plate tray and 
the petni dish lid removed. A 7x/ cm square ngid wire mesh 
with 3x3 mm mesh and made of galvanized steel was placed 
over the open dish in order to retain the Ussue during the 
borabardment. Tungsten/DNA preparations were sonicated 
as described by Biolistics, Inc. and 2.5 ul was pipetted onto 
the top of the macroprojectiles. The instrument was operated 
as described by the manufacturer. The following bombard- 
ments were performed: 

2xpBII221 prep To determine transicnt expression fre- 

quency 

LOxpHYG11/pBH22] As a potential positive treatment for 

transformation 

lOxpCHNi-i/pBH22} As a potential positive treatment 

for transformation 

4xpLUC-1 Negative control treatment 

The two plates of callus bombarded with pBRIT221 were 
transferred plate for plate to F medium (with no 


10 


40 


60 


65 


22 


hygromycin) and the callus cultured at 26° C. in the dark 
After 2 d this callus was then transferred plate for plate into 
35x10 mm petri plates (Falcon 1008) containing 2 m! of 
GUS assay buffer which consists of 1 mg/ml 5-bromo- 
chioro-3-indolyl-bela-D-glucuronide (Research Organics), 
100 mM sodium phosphate pH 7.0, 5 mM cach of potassium 
ferricyanide and potassium ferrocyanidc, 10 mM EDTA, and 
0.06% Triton X-100. These were incubated at 37° C. for 3 
d aficr which the number of bluc cells was counted giving 
291 and 477 transient GUS expressing cells in the two 
plates, suggesting that the DNA delivery process had also 
occurred wilh the other bombarded plates. These plates were 
discarded after counting since the GUS assay is destructive. 
IV. Selection Process 

Hygromycian B (Calbiochem) was incorporated into the 
medium by addition of the appropriate volume of filter 
sterilized 100 my/ml Hygromycin B in water when the 
media had cooled to 45° C. prior to pouring plates. 

immediately after all samples had been bombarded, callus 
from all of the plates treated with pITYGI1/pBII221, 
pCHN1-l/pBU221 and three of the plates treated with 
pLUC-1 were transferred plate for plate onto F medium 
containing 15 mg/l hygromycin B, (five pieces of callus per 
plate) These are referred to as round 1 selection plates. 
Callus from the fourth plafe treated with pLUC-1 was 
transferred to F medium without hygromycin. This tissuc 
was subcultured every 2-3 weeks onto nonselective medium 
and is referred to as unselected control callus. 

Affer two weeks of selection, tissue appeared essentially 
identical on both selective and nonselective media. All 
callus from eight plates from each of the pHYG!1/pBII221 
and pCHN1-1/pBlI221 treatments and two plates of the 
control callus on selective media were transferred from 
round 1 selection plates !o round 2 selection plates that 
contained 60 mg/l bygromycin. The round 2 selection plates 
each contained ten 30 mg pieces of callus per plate, resulting 
in an expansion of the total number of plates. 

The remaining tissue on selective media, lwo plates each 
of pITYGH/pBl221 and pCHN1-1/pBli221 treated tissue 
and one of control callus, were placed in GUS assay buffer 
at 37° C. to determine whether blue clusters of cells were 
observable at two weeks post-bombardment. After 6 d in 
assay buffer this tissue was scored for GUS expression. 











TREATMENT REPLICATE OBSERVATIONS 
plac. no blue cells 
pHYGH /pBiI22) pinte } 11 singte celts 
1 four cell cluster 
plate 2 5 single cells 
pCHN) -i/pBiiz21 plate } 3 single ceil 
2 two cell clusters 
plate 2 5 single cells 


1 two cell cluster 
2 wlasler: of 8-10 ceils 





After 21 d on the round 2 selection plates, all viable 
portions of the material were transferred to round 3 selection 
plates containing 60 mg/l hygromycin. The round 2 selection 
plates, containing only tissue that was apparently dead, were 
reserved. Both round 2 and 3 selection plates were observed 
periodically for viable proliferating sectors. 

After 35 d on round 3 selection plates both the round 2 and 
round 3 sets of selection plates were checked for viable 
sectors of callus. Two such sectors were observed prolifer- 
ating from a background of dead tissue on plates treated with 
pHYGH /pBIR221. The first sector named 3AA was from the 
round 3 group of plates and the second sector named 6L.was 
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from the round 2 group of plates. Both lines were then 
transferred to F medium without hygromycin. 

After L9 d on F medium without hygromycin the line 3AA 
grew very little whereas the line 6L. grew rapidly. Both were 
transferred again to F medium for 9d. The lines 3AA and 6L. 
were then transfered to F medium containing 15 mg/l 
hygromycin for 14 d. At this point, ine 3AA was observed 
to be of very poor quality and slow growing. The line 6L 
however prew rapidly on F medium with 15 mg.t hygromy- 
cin. In preparation for an inhibition study of the linc 6L. on 
hygromycin, the line was then subcultured to F medium 
without hygromycin. 

After 10 d on F medium an inhibition study of the line 6L 
was inilialed. Callus of 6L. was transfered onto F medium 
containing 0, 10, 30, 100, and 250 mg/l hygromycin B. Five 
plates of callus were prepared £ or each concentration and 
each plate contained ten approximately 50 mg pieces of 
callus. one plate of unselected control i ssue was prepared 
for each concentration of hygromycin. 

It was found that the Hne 6L was capable of sustained 
growth over 9 subcultures on 0, 10, 30, 100, and 250 mg/l 
hygromycio. The name of the Hine GL was changed at this 
time from 6L to PH (Positive Hlygromycin transformant 
1). 
Additional sectors were recovered at various time points 
from the round 2 and 3 selection plates None of these were 
able 10 grow in the presence of hygromycin for multiple 
rounds, ie. two or three subcultures. 

V. Confirmation of transformed callus 

To show that the PHi callus had acquired the hygromycin 
resistance gene, a Southern blot of PHI callus was prepared 
as follows: DNA was isolated from PH] and unselected 
control calli by freezing 2 g of callus in Liquid nitrogen and 
grinding it to a ine powder which was transferred to a 30 ml 
Oak Ridge tube containing 6 m! extraction buffer (7M urea, 
250 mM NaCl, 50 mM Tris-HCI pH 8.0, 20 mM EDTA pH 
8.0, 1% sarcosinc). To this was added 7 ml of phenol:chlo- 
roform 1:1, the tubes shaken and incubated at 37° C. 15 min. 
Samples were cenirifuged at 8K for 10 min. at 4° C. The 
Supemalant was pipetted through miracloth (Calbiochem 
475855) into a disposable 15 ml tube (American Scientific 
Products, C3920-15A) containing 1 mi 44 M ammonium 
acetate, pH 5.2. isopropanol, 6 mI, was added, the tubes 
shakeao, and the samples incubated at -20° C. for 15 min. 
The DNA was pelleted in a Beckman TJ-6 centrifuge at the 
maximum speed for 5 min. at 4° C. The supernatant was 
discarded and the pellet was dissolved in 500 ul TE-10 (10 
mM Tris-HCI pH 8 0, 10 mM EDTA pH 8.0) 15 min. at room 
teraperature. The samples were transferred to a 15 ml 
Eppendorf tube and 100 ul 4.4 M ammonium acetate, pH 5.2 
apd 700 ul isopropanol were added. This was incubated at 
~20° C. for 15 mio. and the DNA pelicted 5 min. in an 
Eppendorf microceatrifuge (12,000 rpm) The pellet was 
washed with 70% ethanol, dried, and resuspended in TE-1 
(10 mM Tris-HCi pH 8.0, 1 EM EDTA). 

The isolated DNA (10 ug) was digested with Bamll 
(NEB) and electrophoresed in a 08% wiv agarose pel at 15 
V for 16 hrs in TAE buffer (40 mM Tris-acetate, | mM 
EDTA). The DNA within the gel was then depurinated by 
soaking the gel twice in 06.25 M HCI for 15 min., denatured 
and cleaved by soaking the gel twice in 0.5 M NaOQH/1.0M 
NaCl 15 min., and neutralized by soaking the gel twice in 
0.5M Tris pH 7.4/3M NaCl 30 min. DNA was then blotted 
onto a Nytran membrane (Shicicher & Sbuell) by capillary 
transfer overnight in 6xSSC (20xSSC, 3M NaCl, 0.3M 
sodium citrate pH 7.0), The membrane was baked at 80° C. 
for 2 hrs under vacuum. Prehybndization treatment of the 
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membrane was done in 6xSSC, 10xDenhardt's solution, 1% 
SDS, 50 ug/ml denatured salmon sperm DNA using 0.25 ml 
prehybridization solution per cm? of membrane Prehybrid- 
ization was carried oul at 42° C. overnight. 

A 32P labelled probe was prepared by random primer 
labelling with an Oligo Labelling Kit (Pharmacia) as per the 
suppliers instructions with 32P-dCTP (ICN 
Raditochemicals). The template DNA used was the 1055 bp 
BamHI fragment of pHYGI1, which is the HPT coding 
sequence. The fragment was gel purified and cut again with 
Pst] (NEB) before labelling. 

The hybridization was performed in 50% formamide, 
6xSSC, 1% SDS, 50 ug/ml denatured salmon sperm DNA 
(Sigma), 0.05% sudium pyrophusphate and all of the iso- 
propanol precipitated heat denatured probe (10’ CPM/S0ug 
template) The hybridization was carried out at 42° C 
overmght 

The membrane was washed twice in 50 m! 6xSSC, 0.1% 
SDS 5 min. at room temperature with shaking, then twice in 
500 ml 6x5SC, 0.1% SDS 15 min. at room temperature, then 
twice in 500 mi ixSSC, 1% SDS 30 min. at 42° C., and 
finally in 500 mi 0 1xSSC 1% SDS 60 min. at 65° C. 
Membranes were exposed to Kodak X-OMAT AR film in an 
X-OMATIC cassette with intensifying screens. As shown in 


§ FG. 3,a band was observed for PI1 callus at the expected 


position of LOS5 Kh, indicating that the HPT coding 
sequence was present. No band was observed for contro] 
callus. 

VI. Plant Regeneration and Production of Sced 

PHI callus was transferred directly from all of the con- 
centrafions of hygromycin used in the inhibition study to 
RMS medium which consists of MS basal salis (Murashige 
ct al. 1962) supplemented with thiamine HC) 0.5 mg/l, 2,4-D 
0.75 mg/l, sucrose 50 p/l, asparagine 150 mg/l, and Gelrite 
2.5 g/l (Kelco Inc. San Diego). 

After 14 d on RM5 medium the majority of PH1 and 
negative control callus was transferred to RS medium which 
is the same as RMT medium, except thal 2,4-D is omitted, 
These were cultured in the dark for 7 d at 26° C. and 
transferred to a Haht regime of 14 hours light and 10 hours 
dark for 14 d at 26° C. At this point, plantlets that had formed 
were transferred to onc quart canning jars (Ball) containing 
100 ml of RS medium. Plants were transferred from jars to 
vermiculite after 14 and 21 d. Plants were grown in ver- 
micuhte for 7 or 8 d before transplanting into soil and grown 
fo maturity. A total of 65 plants were produced from PH1 and 
a total of 30 plants were produced from control callus. 

To demonstrale thal the introduced DNA had been 
retained in the Ro tissue, a Southern blot was performed as 
previously described on Jeaf DNA from three randomly 
chosen Ro plants of PH1. As shown in PIG. 4, a 1.05 Kb 
band was observed with all Lhree plants indicating that the 
HPT coding sequence was present. No band was observed 
for DNA from a control plant. 

Controlled pollinations of mature PH1 plants were con- 
ducted by standard techniques with inbred lincs AlL88, B73 
and O43. Seed was harvested 45 days post-pollination and 
allowed to dry further 1-2 weeks. Seed set varied from 0 to 
40 seeds per ear when PH1 was the female parent and from 
0 to 32 seeds per car when PHI was the male parent. 

VII. Analysis of the RI Progeny 

The presence of the hygromycin resistance trail was 
evaluated by a root elongation bioassay, an etiolated Icaf 
bioassay, and by Southern blotting Two ears each from 
regenerated PH1 and control plants were selected for analy- 
sis The pollen donor was inbred line A188 for all ears. 

(A) Root Elongation Bioassay 
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Seed was sterilized in a 1:1 dilution of commercial bleach 
in waler plus alconax 0.1% for 20 min. in 125 mi Erkenm- 
ever flasks and rinsed 3 times in sterile water and imbibed 
overnight in sterile water containing 50 mg/ml captan by 
shaking at 150 rpm. 

After imbibition, the solution was decanted from the 
flasks and the seed transferred to flow boxes (Flow 
Laboratories) containing 3 sheets of HO saturated permi- 
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coding sequence as described previously. Plants with a 1. 05 
Kb band present in the Southern blot were classified as 
transgenic. As shown in FIG. 5, two out of seven progeny of 
PH1 plant 3 were transscflic as were three out of cight 
progeny of PHI plant 10. The blot results correlated pre- 
cisely with data from the bioassays, confirming thal the 
heterologous DNA was transmitted through one complete 
sexual life cycle. Ail dala are summarized in Table 3. 











TABLE 3 
ANALYSIS OF PH? Ri PLANTS 
PHI ROOT LEAF CONT ROOT LEAF 
PLANT ASSAY ASSAY BLOT PLANT ASSAY ASSAY BLOT 
aa + ND + 4 ~ ND ND 
a2 - ND ow 42 - ND ND 
3a - ND - 4.3 “ ND ND 
34 ~ ND - 44 “ ND ND 
LF ~ ND - 4§ ~ ND ND 
36 + ND + 46 vm ND ND 
ay ve ND - 4.7 - ND ND 
ao - ND - 
1.3 + + + 3] “ - = 
12 + + + 2 - ” NPD 
303 - ~ ND 13 - - ND 
3) 4 ~ - - 14 “ - ND 
11.5 a - ” BS - ~ ND 
10 6 “ - - 16 - ~ ND 
107 - ~ “ i7 - - ND 
10.8 ND + * 18 “ - NBD 





KEY: + = transgenic; - » nontransgenic; NID » nat done 


nation paper. A fourth sheet of water saturated germination 
paper was placed on top of the seed. Seed was allowed to 
germinate 4 d. 

After the sced had germinated, approximately 1 cm of the 
primary root tip was excised from cach seedling and plaicd 
on MS salts, 20 g/l sucrose, 50 mg/l bygromycin, 0.25% 
Gelrite, and incubated in the dark at 26° C. for 4 d. 

Rools were evaluated for the presence or absence of 
abundant rovt hairs and root branches. Roofs were classified 
as transgenic (hygromycin resistant) if they bad root bairs 
and root branches, and untransformed (hygromycin 
sensitive) if thcy had limited oumbers of branches. The 
results are shown in Table 1. 

(B) Etiolated leaf bioassay 

After the root lips were excised as described above, the 
seedlings of one PH1 car and one control car were trans- 
ferred to mois! vermiculite and grown in the dark for 5d. At 


35 


40 


this point 1 mm sections were cut from the tip of the © 


coleoptile, surface sterilized 10 seconds, and plated on MS 
basal salts, 20 g/l sucrose, 2.5 g/t Gelrite with either 0 
(control) or 100 mg/l hygromycin and incubated in the dark 
at 26° C. for 18 br Each plate contained duplicate sections 
of cach shoot. They were then incubated in a Light regimen 
of 14 hours ight 18 hours dark at 26° C. for 48 hr, and rated 
ona scale of from 0 (ali brown) to 6 (all green) for the 
percent of green color in the leaf tissue. Shoots were 
classified as untransformed (hygromycin sensitive) if they 
had a rating of zero and classified as transformed 
(hygromycin resistant} if they had a rating of 3 or greater. 
The results are shown in Table 3 

{C) Southem Blots 

Seedling form the bioassays were transplanted to sail and 
aré prowing lo sexual maturity. DNA was isolated from 0.8 
g of leaf tissue after about 3 weeks and probed with the IIPT 
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EXAMPLE I] 


The procedure of Example I was repeated with minor 
modifications. 
i, Plant Lines and Jissue Cultures 

The embryogenic maize callus ine, AB12, was used as in 
Example [. The line had been initiated about 18 months 
before the actual bombardment occurred. 
It. Plasmids 

The plasmids pBH221 and pHYGH described in Example 
I were used. 
II. DNA delivery process 

Callus was bombarded exactly as in Example ] except that 
the DNA used in the tungsten/DNA preparations differed. 
All of the tubes contained 25 ul 50 mg/ml M-10 tungsten in 
water, 25, ul 2.5 M CaCl, and 10 ul 100 mM spermidine 
free base along with a {otal of 5 ul 1 mg/mi total plasmid 
content. One tube contained only plasmid pBII221; two 
tubes contained only plasmid pHYGI1; and one tube con- 
tained no plasmid but 5 ul TE-1 (10 mM Tris-HCI pH 8 0, 
ImM EDTA pH 8.0). 

The following bombardments were done: 





2 x pBI22ZI prep 
7x PHYGH prep 
3x TE prep 


For uansient expression 
Polential positive treatment 
Negative control irentment 





After all the bombardments were performed, the callus 
from the pBH22] treatments was transferred plate for plate 
io F medium as five 50 mg pieces. After 2 d the callus was 
placed into GUS assay bulfer as per Example 1. Numbers of 
transiently expressing cells were counted and found to be 
686 and 845 GUS positive cells, suggesting that the particle 
delivery process bad occurred in the other bombarded plates. 
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[V. Selection of Transformed Callus 

After bombardment the callus from the pIEYGI1 treat- 
ments was placed onto round 1 selection plates, F medium 
containing 15 me/l hygromycin, as ten 25 mg pieces per 
plate (different from Example I). The same was done for two 
of the plates bombarded with the TE preparation (selected 
control callus). One plate of callus bombarded with the TE 
preparation was placed onto I’ medium with no hygromycin; 
this callus was maintained throughout the ongoing experi- 
ment as a source of control tissue and was referred io as 
unselected control callus. 

After 13 d the callus on round 1 selection plates was 
indistinguishable from unsclected control callus. All of the 
callus was transferred from round | selection plates to round 
2 selection plates containing 60 mg/l hygromycin. An 
approximate five fold expansion of the numbers of plates 
occurred, 

The callus on round 2 scelcction plates had inercased 
substantially in weight after 23 d, but at this time appeared 
close io dead. All of the callus was transfered from round 2 
sulection plates to round 3 selection plafes containing 60 
mg/l hygromycin. This transfer of all material from round 2 
to rourk! 3 selection differs frum Example | in which only 
viable sectors were transferred and the round 2 plates 
reserved . 

At 58 d post-bombardment three live sectors were 
observed proliferating from the surrounding dead tissue. Al 
three lines were from pHIYGI1 treatments and were desig- 
nated 24C, 5GA, and 55A. 

After 15 d on maintainance medium, growth of the lines 
was observed. The line 24C grew well whereas lines S5A 
and S6A grew more slowly. All three lincs were transferred 
ta F medium containing GO mef hygromycin. Unselected 
control callus from maintenance was plated to F medium 
having 60 mg/l bygromycin. 

After 19 d on 60 mg/l hygromycin the growth of line 24C 
appeared to be entirely uninhibited, with the control show- 
ing approximaicly 80% of the weight pain of 24C. The line 
56A was complelely dead, and the line SSA was very close. 
The lines 24C and 55A were transferred again to F 60 me/l 
hygromycin as was the control tissue. 

After 23 d on 60 mg/l hygromycin the line 24C again 
appeared entirely uninhibited. The linc 55A was compictely 
dead, as was the negative control callus on its second 
exposure to to F 60 me/l hygromycin. 

At 88 d post-bombardment, a sector was observed pro- 
liferaling among the surrounding dead tissue on the round 3 
selection plates. The callus was from a plate bombarded with 
pHYGI1L aod was designated 13E. The callus was transferred 
to F medium and cultured for 19 d. Portions of the callus 
were then transferred to (i) F media containing 15 mg/l 
hygromycia and (ii) F media containing 60 meA hygromy- 
cin. Control callus was plated on F media with 15 mg/l 
hygromycia. After 14 d of culture, the callus line 13E 
appeared uninhibited on both levels of bygromycin. The 
control callus appeared to have about 80% of the weight gain 
of 13E. The callus lines were transferred 10 fresh media at 
the same respective levels of hygromycin. 

V. Confirmation of Transformed Callus 

A Southern blot was prepared from DNA from the line 
24C. As shown io FIG. 6, a band was observed for the line 
24C at the expected size of 1.05 Kb showing that the line 
24C contained the HPT coding sequence. No band was 
observed for DNA from control tissuc. The name of the 
callus line 24C was changed to PH2. 

VI. Plant Regeneration and Production of Seed 

The line 24C along with unselected control callus were 

placed onto RMS medium to regenerate plants as in 
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Example 1. After 16 d the callus was transferred to RS 
medium as in Example I. 


EXAMPLE I} 


The procedure of Example I] was repeated exactly except 
that different plasmids were used. 


The plasmids pBW221 and pHYGI1 described in Example 
1 were used as well as pMS533 which is a plasmid that 
contains the insecticidal Bacillus thuringiensis endotoxin 
(BY) gene fused in frame with the neomycin phosphotruns- 
ferase (NPTII) gene 5' of the fusion gene are located 
seyments of DNA from the CaMV 35S and nopaline syn- 
thase promoters. 3' from the fusion gene are segments of 
DNA derived from the tomato protease inhibitor [gene and 
the poly A region of the nopaline synthase gene 

Callus was bombarded exactly as in Example I except that 
the DNA used in the tungsten/DNA preparations differed. 
Two tubes contained plasmids pHYGI1 and pMS533 and 
one tube contained no plasmid but 5 ul TE-1 (10 mM 
Tris-HCI pH 8.0, 1mM EDTA pH 80). 

The following bombardments were done: 

9xpHYGI1/pMS533 Potential positive treatment 

2 xIE prep Control treatment 

After bombardment the callus from the pHYGL1/pMS533 
treatments was placed onto round 1 selection plates, F 
medium containing 15 mg/l hygromycin, as ten 25 mg 
pieces per plate. The same was done for onc of the plates 
bombarded with the TE preparation (selected control callus). 
One plate of callus bombarded with the TE preparation was 
placed onto F medium with no hygromycin; this callus was 
maintained throughout the ongoing experiment as a source 
of coniro] tissue and was referred to as unselected contro} 
callus. 

After 12 d the callus on round 1 selection plates appeared 
to show about 90% of the weight gain of the unselected 
control callus. A of the callus was transferred from round 
1 selection plates to round 2 sclection plates containing 60 
mg/l hygromycin as ten 30 mg pieces per plate. 

After 22 d of selection on round 2 selection plates, the 
callus appeared completely uninhibited. All of the callus was 
transferred [rom round 2 selection plates to round 3 selection 
plates containing 60 mg/ hygromycin. 

At 74 d post-bombardment a single viable sector was 
observed proliferating from the surrounding necrotic tissue, 
The callus line was from pH YG11/pMS533 treated material 
and was designated 86R. The callus line 86R was transferred 
to F medium. 

After 24 d the callus line 86R bad grown substantially. 
Portions of the callus were then transferred to (i) F media 
comfaining 15 me/l bygromycin and (ij) F media containing 
60 mp/l hygromycin. Control callus was plated on F media 
with 15 mg/l hygromycin. 

After 19 d of culture, the callus line 86R appeared to grow 
rapidly and was uninhibited on both levels of hygromycin. 
The control callus appeared to have only about 50% of the 
weight gain of 86R., The callus lines were transferred to fresh 
media at the same respective levels of hygromycin to further 
test the resistance of the callus line 86R to hygromycin. 


COMPARATIVE EXAMPLE A 


The basic procedures of Examples I-HI have been 
attempted except varying the selection regime or the form of 
the callus. These other attempts, which are detailed in Table 
4 below, were not successful. Since they were not repeated 
several times, it is not known whether they can be made to 
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work. In all of the procedures, no viable sectors were 
observed. In the Table, “Sieved” indicates that the callus was 
passed through an 860 micron sieve before bombardment; 
the selective agen! was hygromycin for each case except 
when pMATI1 was the plasmid and metholrexate the selec- 
lion agent 








TABLE 4 
Summary of Comparative Example A 
Round Round Round Round 
Recip Recov. } 3 Z 2 
Tissue = Plasmids Prrivd Level Period = Level Period 
Clumps pCHNi-1 33 60 23 66 3} 
oAH223 
Clumps pCHN)-] 14 1UG 2 meee — 
pBliz2 
Clamps piYGiH 3 60 19 30 35 
pBilz23 
Clumps pCHN1I-1 n 30 22 60 109 
p23 
Clumps pMTXI g 3 303 mn ~ 
pBIU22] 
Sieved PCHNI-] 13 — ne eee move 
pBH223 


ET Ta AAA hllbAlaytnryer rr rrrrT rrr Tyr ERY Bi Bikdishbddinkhdeeyplyeptr rr rPPYTEPPY AAAs rPPETPrE RAL bhi Biihddsihittenrs PTS 


What ts claimed is: 

I. A process [or producing a fertile transgenic Zee mays 
plant comprising the steps of (i) bombarding intact regen- 
erable Zea mays cells with DNA-coated microprojectiles, 
wherein said DNA comprises af least a screenable marker 
gene; (ii) selecting a population of transformed cells 
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expressing the selectable marker gene; and (i1i) regenerating 
a fertile transyenic plant therefrom, wherein said DNA is 
expressed so as to impart glyphosate resistance to said 
transgenic plani and is transmitted through a norma! sexual 
cycle of said transgenic plant to progeny plants 

2. The process of claim 1 wherein the fertile transgenic 
Zea mays plant is regenerated from transformed embryo- 
genic tissuc. 

3. The process of claim 1 wherein the cells are derived 
from immature embryos 

4. The process of claim 1 wherein said DNA encodes an 
EPSP synthase. 

S. The process of claim 1 further comprising obtaininy 
transgenic glyphosate resistant progeny plants of subsequent 
gencrations from said fertile transgenic plant. 

6. The process of claim 5 further comprising obtaining 
seed from one of said progeny plants. 

7 A process for producing seed comprising: 


(a) providing a fertile transgenic Zea mays produced by 
the process of claim 1, plant comprising heterologous 
heritable DNA that is expressed so as to impart gly- 
phosate resistance to said transgenic Zea mays plant; 

(b) cultivating said transgenic Zea mays plant; 

(c) obtaining sced from said cuhivated Zea mays plant. 


§ The process of claim 7 wherein the DNA encodes an 
EPSP synthase. 


